independent from the excited mode, however it is required to excite one whose wavelength is comparable to the crack length and with an enough amplitude to be detected.
The dynamic nature of the time-average technique (whose reference image is refreshed at 25 Hz) allows to say that the technique we are describing here is adequate for crack detection even in industrial environments since relatively slow disturbances (such as density air changes or object dislocations) result canceled.
3. TV-H ANALYSIS OF TRANSIENT WAVES FOR CRACK DETECTION. In this section we will describe our system of pulsed TV-H for crack detection and show the first results we obtained with this technique.
3.1. Description of the system. Fig. 3 shows the block diagram of our experimental set-up. Basically, it can be divided into five systems: a) The light source: a frequency-doubled Nd:YAG pulsed laser. b) Out-of-plane speckle pattern interferometer with a CCD camera as image sensor and the reference beam guided by monomode fiber.
c) Acquisition and process image system: a personal computer (IMAGE PC) equipped with digitizer and array processor boards. d) Object excitation chain: an electromagnetic hammer and its electronic driver. e) Computerized laser control and synchronisms. The PRINCIPAL PC controls simultaneously the laser, the IMAGE PC and the synchronism system. This allows the synchronization among the light pulses from the laser, the CCD camera scanning, the object excitation and the image acquisition.
The synchronism system is composed by an external delay generator (EDO) and a synchronism unit that generates pulse trains for the laser triggering, the CCD camera and the driver of the electromagnetic hammer.
Operation mode.
In this earlier phase of our sludy of transient techniques for crack detection we have begun by a single pulse technique because it implies a less complexily in the synchronization of the different elements of the system.
The operation procedure was as follows: 1) In a first stage the object. at rest, is illuminated by the laser pulses synchronized with the CCD camera (25 Hz).
2) Next, by means of the principal computer we give the order for starting the sequence of acquisition.
3) The first step of this sequence is the acquisition of a specklegram with the object at rest, just with the light pulse immediately before it is stricken. 4) The object is stricken.
5)
A second specklegram is acquired with the object illuminated by the laser pulse immediately after the impact. 6) Both specklegrarns are subtracted yielding a correlation fringe pattern of the object deformation. The delay between the impact and this laser pulse can be adjusted. This allows to carry out a set of experiments to obtain a correlogram sequence monitoring the evolution of the induced wave.
Results.
One of the above mentioned correlogram series is shown in Fig. 3 . The object is a cantilever aluminum beam (dimensions: 200x55x 1 mm) with an artificial crack (2x 10 mm).
Images from A to E show the wave propagation before it reaches the crack. In the image F the wave is attenuated by the presence of the crack as it can be seen from the slight vavefront flatness. Images from G to I show the wave diffraction, it can be observed the formation of secondary wavelets at the extremes of the crack. Finally. images from J to L display the propagation of the wave after the crack. including the wave reflected by the extreme of the beam, shown in the last one.
We found that this technique is not affected by the environmental disturbances at least in laboratory conditions. This is because, in spite of employing a single-pulse method, the time interval bethween reference and measure pulses is short enough (80 ms).
CONCLUSIONS AND FURTHER IMPROVEMENTS.
Two TV-H techniques for crack detection being developed by our group have been described. From the first results we conclude that both techniques can be applied successfully to the crack detection problem even in industrial environments.
The stationary technique presents the advantage of its experimental simplicity which allows the design and implementation of compact systems (specially because the utilization of optical fiber in both arms of the interferometer).
Nevertheless its reliability depends on the possibility to excite and detect low spatial wavelength resonance modes of the object.
The transient technique, in spite of the complexity of the required system, seems more suitable to analyze any kind of object, since superficial waves can be induced with an enough energetic excitation.
One of the most interesting improvements of the stationary technique is the implementation of phase evaluation. For this, the stroboscopic technique seems more adequate as long as it render sinusoidal fringe patterns, easier to phase-evaluate by the most common techniques5. Moreover, they allow the study of the mechanical phase distribution, as some of the authors have demonstated in a former work6. This is of great interest provided that cracks not only affect the vibration amplitude but also its phase.
With respect to the transient technique, the first improvement to carry out is the utilization of double pulse illumination. This will increase the temporal resolution in the study of the transient wave, besides to allow the measurement of greater amplitudes. Furthermore double pulse will increase the insensitive of the technique to hostile environment disturbances. Another important progress will be the application of a phase evaluation method to obtain quantitative 
